INTRODUCTION
The natural greenhouse effect is the result of heat absorption by certain gases (known as greenhouse gases (GHG, Houghton, 1999) ) in the atmosphere and re-radiation downward of some of the heat that helps to regulate the temperature of our planet. However, human activities have increased the concentration of greenhouse gases in the atmosphere (Houghton et al., 2001) . Some GHG are emitted as a result of livestock production with animals directly contributing to emissions through enteric fermentation and manure management. Methane is produced during the normal digestive processes of animals. Ruminant animals are the major contributors to methane emission due to the type of digestive process by which carbohydrates are broken down by micro-organisms and methane is released as a by-product of enteric fermentation (Stevens and Hume, 1995) . Non-ruminant animals also produce some methane, although not as much as ruminants due to the limitation of enteric fermentation occurrence in the post-gastric compartment such as ceccum and large intestines (Robinson et al., 1989; Sukahara and Ushida, 2000) . To estimate methane emissions from enteric fermentation, the IPCC (Intergovernmental Panel on Climate Change) Guidelines recommended multiplying the number of animals for each animal category by an appropriate emission factor (IPCC, 1996) . In the Reference Manual of the IPCC Guidelines, default emission factors for estimating methane emission from enteric fermentation are provided (Crutzen et al., 1986; Gibbs et al., 1993) . However, an emission factor for poultry is absent on the list. The reason for non-inclusion emission factor is not clear, and may be due to unavailability of data or perceived insignificance of the data in the total inventory. In those countries where there are large poultry industries, the enteric fermentation emission factor for poultry is required to assess the total GHG inventory. The purpose of this study was to establish a method for the assessment of GHG emissions from poultry enteric fermentation. This method can be applied universally and can be used to predict both methane and nitrous oxide emissions.
MATERIALS AND METHODS
Unlike other livestock, life cycles of most poultry species are less than a year, and the growth rate changes dramatically during the life cycle. Therefore it is important not to use the average weight for estimates of emissions. In this study, the GHG production during the growing periods of broiler chicken (0-6 weeks), Taiwan country chicken (0-13 weeks) and White Roman geese (0-12 weeks) were estimated. The total emission for each of their life cycles was calculated until the day the animals were marketed or slaughtered. With this method the length of life cycle can be adapted to the local practice.
Animals
For the purpose of establishing the method, commercial broiler chickens (Arbor Acre), Taiwan country chickens and White Roman geese were randomly selected and raised from hatching to the end of the experiment (market weight). Four hundred broiler chickens, 200 Taiwan country (CH 4 ) from poultry enteric fermentation were investigated using a respiration chamber. Birds were placed in a respiration chamber for certain intervals during their growing period or for the whole life cycle. The accumulated gas inside the chamber was sampled and analyzed for N 2 O and CH 4 production. A curve for gas production during a life cycle was fitted. The calculated area under the curve estimated the emission factor of poultry enteric fermentation on a life cycle basis (mg bird chickens and 20 White Roman geese were raised for 6, 13 and 12 weeks, respectively. The experiments were done separately. Broiler chickens and Taiwan country chickens were raised in the floor which is a common way of raising broiler chickens in Taiwan. Geese were raised in cages (90 cm×56 cm×60 cm, 4 birds/cage). During the experiment, all birds were fed commercial diets. The quality of the diets was provided by the feed suppliers. The feed consumption were recorded daily and the body weight were measured weekly and prior to each sampling trial. The Birds were placed in a respiration chamber for 12 h at weekly intervals in the case of Taiwan country chicken and White Roman geese, and twice a week in the case of broiler chicken, for a total of 12-13 times. The market live weight for broiler chickens, Taiwan country chickens and White Roman geese were 1.88 kg, 2.0 kg and 4.0 kg, respectively.
Assessment of Greenhouse Gas Emissions from Poultry Enteric Fermentation

Respiration chamber
The respiration chamber was modified according to the design by Farrell (Farrell, 1972) . Two different sizes were used. Chamber A (90×60×60 cm) was used for chickens (5-20 birds of body weight from 0.5 kg to 1.88 kg) and geese (2-10 birds of body weight from 0.2 kg to 4 kg ) of up to a total weight of 10 kg. Chamber B (60×60×45 cm) was used for chickens of up to a total weight of 2.5 kg (5-20 chicks). The air was circulated with a pump; CO 2 and water vapor were absorbed in 10 N KOH and CaCl 2 , respectively. The chamber was also equipped with an oxygen tank. Oxygen was supplemented when pressure fell below atmospheric pressure. Birds were put in a wire cage without litter materials on the floor to avoid CH 4 and N 2 O emission induced by the addition of carbon source to the excreta.
Sampling
Gas samples were collected using a 35 ml syringe via the sample outlet at 0 and 12 h after placing the birds in the chamber. Samples were injected into a 15 ml serum bottle previously filled with N 2 using a displacement method. Reference gases had been used to flush the vial to verify the adequacy of flushing volume. Five samples were collected at each sampling time and stored at room temperature for CH 4 and N 2 O analysis. The use of respiration chamber and the sampling procedure is summarized in Figure 1 .
Greenhouse gas analysis
Methane was analyzed by Shimadzu 14B gas chromatography (Shimadzu, Japan) with flame ionization detector (FID) using Porapak Q (0.32 mm×2 m) column (Supelco, USA) and N 2 as carrier gas. The oven temperature, injection temperature and detector temperature were 70°C, 130°C and 130°C, respectively. The flow rate was set at 10 ml min -1 . Nitrous oxide was analyzed with electron capture detector (ECD) using Porapak Q (0.32 mm×3 m) column and P-10 (90% Ar+10% CH 4 ) as carrier gas. Two reference gases CH 4 (95%) and N 2 O (100 ppm, ScottyII) were used for standard curve preparations. The concentrations used for calibration were 0.1, 0.5, 1, 5, 10, 50, 100, 500, 1,000 ppm and 10, 50, 100, 500, 1,000 ppb for CH 4 and N 2 O, respectively. The standard curve for CH 4 is usually linear and the R 2 , Coefficient of Variation (CV) and minimum detecting concentration were >0.998, <4.7% and 0.5 ppm, respectively. The average background air and 0 h chamber CH 4 concentrations were 1.841±0.547 ppm and 5.128± 0.501 ppm. The standard curve for N 2 O is usually curvilinear, however in the range of 10 to 1,000 ppb, the curve is usually linear and the R 2 , CV and minimum detecting concentration were >0.997, <6% and 10 ppb, respectively. The average background air and 0 h chamber 
Emission factors
The accumulated GHG in 12 h in the chamber was obtained by subtracting 0 h concentration from 12 h concentration (ppm or ppb) and then converted to the amount of GHG (mg) produced in the chamber 12 h. The total gas was then converted into amount of gas produced by each bird per day (mg head -1 day -1 ). A plot of gas production versus day of age was produced. Regression curves were obtained and the areas under the curves were calculated. Although a hypothetical quadratic curve was set as a pre-model for the meat type poultry whose market age is 12 weeks from maturity. It should be recognized that the extrapolations might not be appropriate for meat type poultry. The area under the curve represents the estimated total gas emission per bird per life cycle (mg head -1 life cycle -1 ) and can be used as an emission factor for each type of bird. Environmental temperature and feeding regime of the birds were taken into consideration (Figure 2 ). The length of the life cycle can be altered according to the subgroup of poultry species and the local practice. We used Origin 3.0 (Micro Cal, MA. USA) to process the regression and to calculate the area under the curve; however, these procedures can be followed using any software package or hand calculations.
RESULTS AND DISCUSSION
This method was used to estimate the emission factors for three species of birds kept at three different temperatures. A few examples of plots and the regression curves of CH 4 and N 2 O emissions for the three tested avian species are shown in Figure 3 Table 2 ). The emission factors obtained from the method described above represent the GHG released from enteric fermentation. The design of the respiration chamber did not allow the removal of poultry excrement during the experiment to ensure the close circulation. Although the poultry excrement was not removed from the respiration chambers, our data from the preliminary experiment showed that, neither CH 4 nor N 2 O increased from the excrement residues in the chamber four hours after removal of birds. It is reasonable to speculate that the poultry excrement would not contribute to the methane production since methane formation operates under strictly anaerobic condition (Grabarse et al., 2001; Le Mer and Roger, 2001) . The possibility that the poultry excrement contributes to N 2 O observed, cannot be ruled out.
Nitrous oxide arises from animal wastes occurs during both storage and treatment, by the processes of nitrification and denitrification (Sommers and Dahl, 1999) .
The caeca of geese (Chen et al., 2003) and other species of birds (Annison et al., 1968; McBee, 1969; Gasaway, 1976) had been found to be structurally and functionally (Mattocks, 1971; Chen et al., 2002) active in microbial activities. The enteric fermentation emission factors for both CH 4 and N 2 O were increased in accordance with the body weight of birds. Due to the length of life cycle, the enteric fermentation factor was the lowest in broiler and the highest in white Roman Geese (Table 2) . Another explanation for the difference in emission factors could be the differences in feed conversion efficiency of the two species (Hsu, 1998) . It is reasonable to speculate that lowered feed digestibility would lead to the higher rate of enteric fermentation in large intestine with more amounts of undigested feed components. The feed intakes (measured daily) and feed properties (provided by feed suppliers) for three tested species are shown in Table 3 . The feed to gain ratio (F/G) of Taiwan country chickens was higher than that of broiler chickens, indicating a lower efficiency of feed conversion. The calculated CH 4 /ME ratios for broiler, Taiwan country chickens and geese were 0.002%, 0.007% and 0.04%, respectively. The calculated N 2 O/protein-N ratios for broiler, Taiwan country chickens and geese were 0.00004%, 0.015% and 0.016%, respectively. These calculated values suggested that CH 4 and N 2 O outputs from broiler chickens were less than two other species tested indicating a better feed efficiency. Further research needs to be conducted to study the effects of digestibility on rate of enteric fermentation. Although IPCC dose not suggest that enteric fermentation is a source of N 2 O, very low but detectable levels of N 2 O were found in this current study. According to the IPCC (1996) reference manual, the GHG inventory is calculated by multiplying the default emission factor (kg head -1 year -1 ) by the average annual population of livestock (head year -1 ). In the case of poultry, the production cycle does not normally reach one year. If the emission factor is expressed on the bases of average weight of the bird, it will not be reflecting the rapid growth rate of bird. Therefore, it is suggested that the GHG inventory for meat type poultry should be using an emission factor based on the production cycle, multiplied by the total number of birds slaughtered annually. The method to assess greenhouse gas emission from poultry enteric fermentation is applicable to most poultry species. However the reported emission factors are applicable to meat type poultry only.
In the case of layer hens, the emission factors should be divided into two phases: a growing phase and a laying phase. Emissions during the growing phase (pullets) could be treated analogously to meat type poultry and the emission factors should be expressed as per growing period (0-20 weeks). Emission during egg production period (laying hens) should be assessed for the entire year and expressed as per head per year basis. The CH 4 /N 2 O emission factors estimated for pullets and layers were 3,561/13.33 and 10,610/94.7 (mg bird -1 life cycle -1 ), respectively. The calculated CH 4 and N 2 O emission from pullets and layers in Taiwan in year 2001 were 372 and 2.86 (Mg year -1 ) (Wang et al., 2002) . The number of broiler chicken, Taiwan country chicken and White Roman Geese slaughtered in year 2000 in Taiwan were 191,202,000, 173,627,000 and 6,503,000, respectively. Based on annual production of poultry in Taiwan (Table 4 ). It is obvious that the total N 2 O emission from enteric fermentation was quite low which is the possible reason that N 2 O emission from enteric fermentation was not included in IPCC reference manual (1996) . The estimated total methane emissions from enteric fermentation of the three species combined were 27.26 Mg in 2000. It comprised of 0.135% of the total emissions from enteric fermentation and 0.03% of the total emissions from agricultural sector calculated from the emission inventory of Taiwan in 2000 (EPA, 2002) . Although the calculated total methane emission did not represent a major portion of total contribution, the finding is still very important in terms of accuracy. The emission factors used in emission inventory of Taiwan in 2000 was obtained mostly by referring to existing factors provided by IPCC or by referring to preliminary studies conducted by local scientists. Most factors were overestimated rather than underestimated to account for the uncertainty. Therefore, the actual emission from enteric fermentation and from agricultural sector would be less than the published data, and the calculated total CH 4 emission from enteric fermentation of three estimated species would be more accurate. In addition, the emission from enteric fermentation was overestimated and increased the proportion of avian contribution.
In conclusion, these studies have provided a method for the estimation of GHG emission factors according to the type of poultry over their production period. However, GHG emissions are also affected by quality and quantity of the feed, the energy expenditure of the animal and the environmental temperature (Hironaka et al., 1996; Yan et al., 2000) . Therefore, separate emission factors should be estimated in different regions of countries to get accurate GHG emission levels. 
